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本论文以链状亚历山大藻（A. catenella）为研究对象，运用 iTRAQ（Isobaric 
tags for relative and absolute quantitation）定量蛋白质组学技术，比较研究了 A. 
catenella 对磷缺乏和不同磷源添加的蛋白质组表达变化，筛选差异表达蛋白并分
析其功能及参与的生物学过程，确认与磷代谢相关蛋白，并结合生理参数分析，




（Glucose-6-phosphate，G-6-P），A. catenella 对无机磷源—Na2HPO4 吸收更快，
但两者对 A. catenella 生长的影响没有显著差异； 
（2）磷缺乏时，A. catenella 细胞密度保持相对稳定，碱性磷酸酶活性（Alkaline 
phosphatase activity，APA）迅速增加。添加不同形态磷源后，A. catenella 恢复生
长，APA 下降。无机磷添加组，APA 下降迅速，而有机磷添加组，APA 先上升
而后下降，表明 A. catenella 对 Na2HPO4 和 G-6-P 利用存在差异； 






（4）添加 Na2HPO4 或 G-6-P 后，A. catenella 均能快速恢复生长，但两者相比

















调，A. catenella 可能存在 G-6-P 特殊利用机制：细胞吸收 G-6-P 后，可能通过磷
酸戊糖途径，直接用于核酸等物质合成； 
（5）本论文鉴定到一些与磷代谢相关蛋白质，如酸性磷酸酶和 5’-核苷酸酶































Alexandrium catenella is a worldwide distributed dinoflagellate species. Studies 
have shown that phosphorus (P) is a limiting nutrient for cell growth and bloom 
formation of A. catenella. Much effort has been devoted to eco-physiological responses 
of A. catenella to ambient P-depletion, however, little is known about the molecular 
mechanism, particularly at the protein level.  
This study, applied the quantitative proteomic approach: Isobaric tags for relative 
and absolute quantitation (iTRAQ) to compare protein expression profiles of A. 
catenella under different P consitions, characterized the differentially expressed 
proteins, analyzed their functions and biological processes, identified proteins related 
to P metabolism and discussed the adaptative strategies of A. catenella to P-depletion 
and the response mechanism to the resupplement of different P sources, combined with 
physiological parameter analysis. The main results were as follows: 
(1) A. catenella cells were able to utilize the intracellular “stored P” to maintain cell 
growth when ambient P became depletion. After resupplement of different P sources, 
A. catenella cells rapidly absorbed both inorganic and organic P. Compared with 
organic P, glucose-6-phosphate (G-6-P), the uptake of inorganic P, Na2HPO4 was faster, 
but no significant difference on cell growth between the two species. 
(2) Cell density of A. catenella maintained relatively stable under P-depleted 
condition, and alkaline phosphatase activity (APA) increased rapidly. After 
resupplement of P, A. catenella cells recovered growth rapidly and APA decreased. 
Compared with Na2HPO4, the effect of G-6-P on APA took more time. In Na2HPO4 
resupplement group, APA decreased immediately, while in G-6-P resupplement group, 
APA increased firstly, then decreased, suggesting that the different utilization strategies 
of A. catenella to Na2HPO4 and G-6-P. 
(3) A total of 6,577 high-confidence proteins were identified from A. catenella, 
among them, proteins involved in ribosome, glycolysis/gluconeogenesis, purine 
















A. catenella could induce or up-regulate the expressions of acid phosphatase and other 
phosphoesterase, utilize organic phosphorus and non-phospholipids-sphingolipids 
instead of phospholipids to reduce cell demand for P. In addition, protein translations, 
carbon fixation, nitrogen metabolism, sulfur metabolism and other important biological 
processes were down-regulated to adjust energy allocation to adapt to ambient P-
depletion. 
(4) A. catenella could quickly recover the growth after addition of Na2HPO4 or G-6-
P, but a great difference was observed between the two treatments. A. catenella 
absorbed Na2HPO4 rapidly compare to G-6-P, but more biological processes changed 
in DOP-resupplement cells than that in DIP-resupplement cells. Nucleic acid 
metabolism and other biological processes were significantly up-regulated in DOP-
resupplement cells. A. catenella might possess special mechanism to utilize G-6-P: it 
might directly utlize G-6-P for the synthesis of nucleic acid through the pentose 
phosphate pathway. 
(5) P metabolism related proteins, such as acid phosphatase, 5'-nucleotidase, were 
identified in A. catenella. These proteins played a vital role in adaption to ambient P-
depletion and in response to the resupplement of different P species. 
 



















缩写 英文名称 中文名称 
ACP Acid phosphatase 酸性磷酸酶 
AP Alkaline phosphatase 碱性磷酸酶 
APA Alkaline phosphatase activity 碱性磷酸酶活性 
ATP Adenosine triphosphate 三磷酸腺苷 
COG Cluster of Orthologous Group of proteins 蛋白质直系同源数据库 
DIP Dissolved inorganic phosphorus 溶解态无机磷 
DNA Deoxyribonucleic acid 脱氧核糖核酸 
DOP Dissolved organic phosphorus 溶解态有机磷 
GO Gene Ontology 基因本体注释 
HABs Harmful Algal Blooms 有害藻华 
HPLC High performance liquid chromatography 高效液相色谱 
iTRAQ isobaric Tags for Relative and Absolute 
Quantitation 
同位素标记相对和绝对定量 
KEGG Kyoto Encyclopedia of Genes and Genomes 京都基因与基因组百科全书 
MDH malate dehydrogenase 苹果酸脱氢酶 
MUF 4-Methylumbelliferyl 4-伞基酮荧光素 
NADPH Nicotinamide adenine dinucleotide phosphate 
还原型烟酰胺腺嘌呤二核苷酸
磷酸 
P Phosphorus 磷 
PP Particulate phosphorus 颗粒磷 
RNA Ribonucleic acid 核糖核酸 
SNP Soluble nonreactive phosphorus 溶解态非活性磷 
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